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Establishment of an in vitro rapid propagation system for the rare and
endangered tree species Ormosia microphylla

Long Chaoxia, Wang Yan, Yan Penglu, Wei Xiaoli

(College of Forestry, Guizhou University, Guiyang 550025, Guizhou, China)

Abstract: [Objective]l Ormosia microphylia is a rare and endangered tree species endemic to China and is listed as a Class I nationally
protected wild plant. It possesses high economic and ecological value. Due to limited seed sources, traditional seed propagation methods
have a low propagation coefficient; therefore, tissue culture technology has become an important approach for the rapid propagation
of O. microphylla. This study aimed to establish an in vitro rapid propagation system for O. microphylla. [ Method] Mature seeds
of O. microphylla were used to establish an aseptic seedling culture system, and the optimal seed sterilization protocol was screened.
Bud-bearing stem segments from germinated aseptic seedlings were used as explants, and an Ly(3%) orthogonal experimental design
was employed to determine the optimal medium for shoot induction and proliferation. The effects of different subculture cycles on
proliferation were analyzed during the subculture stage. Finally, rooting and transplanting experiments were conducted to screen for the
optimal rooting medium and the most suitable transplanting substrate. [Result] The optimal sterilization protocol was to retain the seed
coat and disinfect the seeds with 2% NaClO for 12 min, under which no contamination occurred, with an aseptic seedling rate of 70.37%
and a browning rate of 23.23%. The optimal proliferation medium was MS supplemented with 1.5 mg-L" 6-BA and 0.15 mg-L" TAA,
yielding a proliferation coefficient of 5.23 and an average shoot height of 3.59 cm. The third subculture cycle showed the best proliferation
performance, with a proliferation coefficient of 5.33. The optimal rooting medium was 1/2 MS supplemented with 0.3 mg-L™" NAA,
resulting in a rooting rate of 93.33%, an average of 3.95 roots per shoot, and an average root length of 3.63 cm. The highest survival rate
(95.56%) was achieved when vermiculite : perlite (1 : 1) was used as the substrate. [ Conclusion] This study established a relatively
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stable and efficient in vitro rapid propagation system for O. microphylla. Based on experimental investigations of key procedures

including explant sterilization, bud induction and proliferation, subculture, rooting and acclimatization, this work provides a theoretical

basis and technical support for the germplasm conservation and large-scale propagation of this species.

Keywords: Ormosia microphylla; in vitro rapid propagation; proliferation culture; rooting culture; acclimatization and transplanting
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Table 1 Disinfection and sterilization protocol of O. microphylla seeds

AEFE Treatment W77 % Disinfection protocol
X1 {RBARIR : 75% RS 30 s + 2% NaClO V¥ 8 min
X2 {REEFNR: 75% 9 30 s + 2% NaClO ¥ 10 min
X3 FREEFIR . 75% T 30 s + 2% NaClO ¥ 12 min
X4 FERAN R 75% W5KG 30 s + 2% NaClO ¥ 8 min + FIE5Hl FZ + 2% NaClO ¥ 2 min
X5 TPz . 75% kG 30 s +2% NaClO ¥R 10 min + LS FFZ + 2% NaClO ¥ 2 min

X6 FBRBhZ 2 75% ARG 30 s + 2% NaClO ¥ 12 min + R + 2% NaClO ¥ 2 min
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Table 2 Factor level of L,(3’) orthogonal experiment for
adventitious bud induction and proliferation

K Level 3973 Medium  6-BA /(mg'L")  IAA /(mg-L")
1 WPM 0.5 0.05
2 1/2MS 1.0 0.15
3 MS 1.5 0.5
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Table 3 Factor level of L,(3") orthogonal experiment for
rooting culture of tissue-cultured seedlings
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Table 4 Different substrate ratios for test tube seedling

transplantation
s HE AL
Number Medium Volume ratio
Tl LAV SINET 3S o 1:1
T2 R I BHE 111
T3 WA R L Bk 1:1:1

K Level #5773 Medium  NAA /(mg-L") PR AC /(gL

1 172 MS 0.3 0
2 MS 0.5 0.1
3 WPM 1.0 0.5
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30 d JE BRI BRI, TRk oS R R T
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SR IR, MR R IR L MS, 1/2 MS
FWPM LR FRIE, B INIERE 30 gL' 3
fl§7¢L", pHAE 5.8, T 121 C&M P k&R K
B 20 min. MG IRIME TRREN, Bk
WA (25 £ 2) °C, JLHEEREE 2 500 1x, JEHERT
] 12 h-d’.

1.4 HETERSGITSH

L4.1 BEiHHH

V5 YRR = (V5 Y AME RS / HeFh A E AR B HD X
100%

M2 = AL AME RS / FEFh AME AR D X
100%

T MR R = CRI Y B R IMERE /
FAMEARBED X 100%
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100%
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Table 5 Effects of different seed coat treatment methods and disinfection time on the cultivation of aseptic seedlings
of O. microphylla

A3 75 5 THHE ] PR/ Mtz TCH WA
Treatment method Disinfection time /min Contamination rate /% Browning rate /% Aseptic seedling rate /%
8 15.00 + 2.00 a 0.00 £+ 0.00 f 3527 = 1.67¢
5
.ﬁgﬁﬂj)ji 10 0.00 £ 0.00 ¢ 13.82 £ 0.66 ¢ 39.59 + 6.41 be
Retain the seed coat
12 0.00 & 0.00 ¢ 2323 +4.44d 70.37 = 528 a
8 7.00 + 0.46 b 38.89 + 0.87 ¢ 3223 +281¢
I
LFRARL 10 0.00 £ 0.00 ¢ 57.00 &+ 3.08 b 43.09 + 4.83b
Remove the seed coat
12 0.00 = 0.00 ¢ 85.18 = 0.60 a 36.59 & 6.63 be

TR EERNIE £ hRE AE/NS T REORE P < 0.05 KTEREE. TH.

Data are presented as mean * standard deviation; different lowercase letters indicate significant differences at the P << 0.05 level. The same below.

Wb, 5 BR AR R T U0 B R R S 4L,
HEEE W B (G 0, AL RN, S5
JE KR R R

gi b, CREAN R IFHEE 12 min (X3 2F1) N
w7 R, ERNIGROFER, JoR e =R
i, HABR AT A2 I

22 ANEPEFEE G/ LE S SIEERF M

ANFALEH AR WA S 5 4 KA
ER (R 6) . H, 79 (A3B3C2) AbFH (¥4
FECN 523, FHFH N 3.59 cm, ¥RES
HoAth b3, 2% 0 ok A 2R3 5 A4 K B2 1R
R AT

A DREFRIAEE T A (RA X3 RERD 5 B: KRR AR 50
(BL X6 HRFED -
A: Treatment with seed coat retained (represented by X3); B: Treatment with seed
coat removed (represented by X6).

1 AREMEAAESRIEFR NS REERER

Fig. 1 Comparison of the effects of different seed coat
treatment methods on cultivating aseptic
seedlings of O. microphylla
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Table 6 Range analysis of different factors on the induction and proliferation of adventitious buds in O.microphylla

e e - - Polfoation Avrage o
Treatment Ty;jifj; miéd—;m 6-BA /(mg'L") IAA /(mg'L") coefficient height /cm

Z1 (AIBICD) WPM 0.50 0.05 1.07 £ 0.424d 1.23 +£0.29d
72 (A1B2C2) WPM 1.00 0.15 1.03 = 0.57d 125+ 035d
Z3 (AIB3C3) WPM 1.50 0.50 1.01 £0.48d 1.30 £ 0.22d
74 (A2BI1C2) 1/2MS 0.50 0.15 353 +£0.84c¢ 241 £0.61b
75 (A2B2C3) 172 MS 1.00 0.50 4.03 £ 0.57 be 1.86 £ 049 ¢
76 (A2B3C1) 172 MS 1.50 0.05 3.80 + 0.84 ¢ 2.20 £ 0.46 be
77 (A3BIC3) MS 0.50 0.05 3.67 £ 094 ¢ 2.30 £+ 0.28 be
78 (A3B2C1) MS 1.00 0.50 357 £ 0.82¢ 2.16 £ 0.58 be
79 (A3B3C2) MS 1.50 0.15 523 +0.82a 3.59 + 0.64a

Kpyi 1.04 2.76 2.81

Kpeo 3.79 2.88 3.26

Ko 416 3.35 2.90

R, 3.12 0.59 0.45

K 1.26 1.98 1.86

K 2.16 1.76 242

K 2.68 236 1.82

Ry 1.42 0.60 0.60

ToRP K ERERSACFFIME: RAENZE; prARARNMERE AR E. TH.
The k value in the table represents the mean value of each level; R represents the range; Pr stands for proliferation coefficient; H represents the average shoot
height. The same below.
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IEAZRIG B M AT 4 R s, SRR IEE &
BT A A (RE3REKA) > B (6-BA) >
C (JAA) 5 NPT S RIS T o A &K,
B. CIRZ, RUIFEAREFFELAZ R0 A 251
MRS ENmARKNESHEF (B2 « FES
Mr (R 7 #—PAE T Bk, AR R
OO F W, IR (A ey
KF) B EIKE, 1M 6-BA (B) 5 IAA (C) KB

AR, Wik, AN E A RS S E R R
BRI A N A3B3C2 (Z9 kb)Y , 5N MS+
1.5 mg'L" 6-BA + 0.15 mg-L" TAA. A% ilF % B
iR, BT E R RIE K. 45 SRR,
A3B3C2 595 (79 hbFE) [ AE R $k 530
P EW E N 3.62 cm (£ 8) , UHHZAL T BE
R R B B AR A ) mT A

A: WPM iR 5 PRI TE T B: 1/2 MS B 7R 25 P IOIETE I C: MS B IRk P f I 78 7
A: Proliferated shoots cultured in WPM medium; B: Proliferated shoots cultured in 1/2 MS medium; C: Proliferated shoots cultured in MS medium.
B2 AEEFEE AN GIESIEENFZN

Fig. 2 Effects of different culture media on proliferation induction of O. microphylla
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Table 7 Analysis of variance of factors influencing the induction and proliferation of adventitious buds of O. microphylla

e % A EEL: by F R
Index Factor Sum of squares  Degrees of freedom Mean square F value Significance

A 17.43 2 8.72 18.62 *

W A% B 0.58 2 0.29 0.62 -

Proliferation coefficient C 0.34 2 0.17 0.36 -
R 0.94 8 0.12

A 42.00 2 21.00 63.00 *

SER SR B 8.67 2 433 13.00 -

Average shoot height C 8.67 2 433 13.00 -
R 0.67 8 0.08

T FROREREE (P <005 ; -fAEAREE. F. *indicates a significant difference (P < 0.05); - indicates no significant difference. The same below.

* 8 REEAEERFENIERNLS

Table 8 Verification test results of the optimal proliferation medium

sl FEA T LIRS TR ZEH
Treatment Number of inoculated shoots / Jffi Proliferation coefficient Average shoot height /cm
MS + 1.5 mg-L" 6-BA+0.15 mg-L" TAA 30 5.30+0.88 3.624+0.65

23 AREGRREFT NI GREHEEREK
EEA

AN [ AR AR VBN /N 41 5 A T K B AR B
HAERZERmW, HXNFHmLEELH (R .
B & AR AR B N, WA R BRI A R T
B 3R IR E AR R, AR
KHARL, WHHAHEEREZ, WKL, HEE R
N 5.33, FHIZEEREAN3.89em (B 3C) .« 4R
GARKE TR REC TR S 5.07, BEARBSAR T2 3

W AR RFRE R K. 45 BLRTIR, /Mg
T E AR RE T, B 3 RGO B A G B A
SEI B RO e, HEF R R R L. (B
B, T RS RESE A 4 RAEAR.

24 FEEFEE SRS E R

0

ARG FE RGN GRS T A R B
W (£ 10) o Hr, S1 AT ZEN 93.33%,
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TR BN 3.95 %, FEIR KN 3.63 em (&
3D-E) , RWZACTT BEREAT R0% A MR A,
WA F TR FR AT . S7 40 P A AR R R AR

(36.67%) , 1E-FHMW KX (4.76 cm)
RN G AR S SR AR ] 58 32 AN [F L]

LESE

RO PRIGAROREIT NI E M ZFIEFE RS KR

Table 9 Effects of different subculture times on the proliferation and growth of clustered shoots of O. microphylla

AN/ € H5E R PR ARG
Subculture times Proliferation coefficient Average shoot height /cm Growth status
1 430 +0.87d 3.44 + 0.60 a KoM, MAZFRAD, R
2 487 + 0.69 ¢ 357 £ 028a KR, WEFERZ, HhRZE
3 533+ 0.67a 389 £0.76 a Ky, MWAEZFEZ HEE, a2
4 5.07 £092b 3.65+091a KU, WEFZ HRL, A2

A: FhFE55E 30 d J i 4

A: Germination status of seeds after 30 days of culture; B: Induced proliferated shoot clusters; C: Shoot clusters after 3 subcultures; D and E: Root induction of rootless
shoots; F: Transplanted tissue-cultured plantlets 30 days after transplanting

B3 NHIEEFREER
Fig. 3 In vitro rapid propagation of O. microphylla

TE AR5 (1) LW A A 25 SRR 10 frs, & 1A
T AR R ERINT A A (BEFREEAD >
C GEtER) > B (NAA) , REIEAR;FFILHA
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ZH—B (R 1D o FFRE A XA P50k 2]
BEKF, 1M NAAWKE (B) 5K (C)
R 2 o AN [F) A AR 5 %1 38 AR AR B S S AR
KARRI B2 5m .

LRaWMESN ST Za R, HFUERSE
VER BB TRIETENR, B € /N1 5 1B v A AR A
RE T A AIBICT (1/2 MS + 0.3 mg-L" NAA)
R IEAZ 56 ) S1 ARBE, % 5 76 1E 28 ik 5 3%
MR EAERBS RS MR AR, NRIEZ5S
BTSN, A F A1BICT e 5 3HT 2 555780 .
IUESS IR (R 12) BoR, EREIEL 96.67%, “F1
AERREL 4.05 %, PR 3.59 om, dE—PHESE %

RETHERASE « 41 RN £ S AL A
25 RREEFR NS i 518 AR

/NP 2T A R R I R R e A 3R
(F13) , AN[AIH 5 BC B X6 A% 3% B R & i bk
ARHWAE -ERW, TIRR (B6 B3RS =
12 DR R 3 A i = (95.56%) , (H 5 e IR -
DERE =11 AH (9023%) EZRARE, WE
PRI B R AR RS KT, HAB IR AR KA
B R EL D EBRRE =110 A
R RIS, N 80.02%, {E A AR AT) 2R B H B 4F 1)
ERORDE . L5 b, WA B =11 TER/NH
AERENBRMEEEN. AREEEYERR
U5 R R AR, 3R BH A 90 2 57 1R AR AR & e 8 T
G AR T R
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Table 10 Range analysis of the effects of different factors on the rooting of tissue-cultured seedlings of O. microphylla

Treftfent ig?;;%%ﬂ : N gé‘c;ﬁ;}q R i’r‘f@fi o A\Irieirfj%er Avifgf :Lc?ot
Medium type NAA /(mg-L") AC /(gL ooting rate /% of roots / %% length /cm

S1(A1BI1C1) 172 MS 0.3 0.0 93.33 + 14.05a 395+ 0.74a 3.63 +0.83b
S2(A1B2C2) 1/2 MS 0.5 0.1 86.67 = 17.21a 393 +0.57a 193 £ 044 ¢
S3(A1B3C3) 172 MS 1.0 0.5 85.26 = 17.21a 3.80 £ 0.79 ab 2,65+ 0.8lc
S4(A2B1C2) MS 0.3 0.1 66.67 = 15.71b 233 £0.83cd 1.79 £ 0.36 ¢
S5(A2B2C3) MS 0.5 0.5 53.33 = 17.21 be 1.80 £ 1.14¢ 485+ 0.32a
S6(A2B3C1) MS 1.0 0.0 56.67 + 16.10 be 2.97 £ 0.74 be 1.58 £ 0.36¢
S7(A3B1C3) WPM 0.3 0.5 36.67 = 10.54 ¢ 1.09 £ 032 f 476 £ 0.18a
S8(A3B2C1) WPM 0.5 0.0 56.67 + 16.10 be 3.06 £ 0.74 be 2.36 = 0.40 cd
S9(A3B3C2) WPM 1.0 0.1 52.63 = 17.21 be 3.84 + 0.63 ab 3.56 = 0.39b

k. 88.42 65.56 68.89

K, 58.89 65.56 68.66

ks 48.66 64.85 58.42

R, 39.76 0.71 10.47

- 3.89 2.46 333

kyo 2.37 2.93 3.37

- 2.66 3.54 223

Ry 1.52 1.08 1.14

ky, 2.74 3.39 2.52

ki, 274 3.05 2.43

ki3 3.56 2.60 4.09

Ry 0.82 0.79 1.66

TR AR, NRFTFHAERY: LRERTIRK.

In the table, r represents the rooting rate; N represents the average number of roots; L represents the average root length.

&1 PHITEERERZWE RN G E S
Table 11 Analysis of variance of factors influencing rooting of tissue-culture seedlings of O. microphylla
Ptk % PHA B 177 F i BE
Trait Factor Sum of squares Degrees of freedom Mean square F value Significance
A 2557.86 2 1278.93 18.04 *
% B 0.99 2 0.49 0.01 -
Rooting rate ¢ 214.46 2 107.23 1.51 -
% Error 141.75 8 17.72
A 3.93 2 1.97 8.51 -
IR B 1.76 2 0.88 3.80 -
Average number
of roots C 2.50 2 1.25 5.40 -
7 Error 0.46 8 0.06
A 1.35 2 0.68 0.28 -
SEHIRE K B 0.96 2 0.48 0.20 -
Average root length C 521 ) 260 1.07 _
%22 Error 4.87 8 0.61
* 12 REEREFREMIERELSR
Table 12 Validation result of the optimal rooting medium
b AT G & P2 A AR L IR
Treatment Number of inoculated shoots / Jff; Rooting rate /% Average number of roots / & Average root length /cm
1/2MS + 0.3 mg-L"' NAA 30 96.67+10.54 4.051+0.74 3.59+0.66
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Table 13  Effects of different substrate ratios on the transplantation of tissue-cultured seedlings of O. microphylla

KbFE Treatment L )i Substrate %% Survival rate /% Az KA L Growth condition
Tl A BERE =111 95.56+9.09 a KR, MRS
T2 Ve T BEE =111 90.234+10.02 a KBRS
T3 Vem T IEA I BERA =111 80.02+16.80 b KHRL, HEEREESS
3 % % 6-BA + 0.15 mg-L" TAA) I AR et R

TE B R AR AR R A W A SRS R R T I 3
filh, XFFLAJC T B 2R BONAME AR W S 77,
T 10 4 B 5 X R Y I T L 5 T G B TR R A
R, NG RRIRE =, HAF RS SR,
ol B R TR X 25 ) . PRIk, S T v A ELAR A FE
MRER RN EE, R RRY, (AR
B 3F H 2% NaClO ¥ ¥ 8 2% 12 min 2% R & 1,
FEAR TS e i1 DL T 3R1S T o T B i 3R R
(70.37%) , #WILFE N 23.23%. CHWFFIHEH,
T 22 JE KV F N [A) AT BRI TS e 2, (R n] RE N R
AMEAREAL IR AE L T AR, R B AP
FIAETE — B FE R BURES T 1H 2 770 % IR A 43 A= 4 21
WMHEEGE, GRTHRFMFEIY. X253
AR 20 2055 77 vh Of B R R O T 30088 b Bz 4
WU, UL TR R R IR UK ERE
IR, DR BT G F T IO AR R I L. (EARHT
TR I E (23.23%) A 3t — 5k == 1A,
Ja SR IE AR 1 REE IR AR M E AR R
.

FER R IR I R 5 E 3R A RO R A
WRE R AW Bt s, [ — A% Rl 2E AN [R]85 7R By
Bt 5 97 3 1 T SRAE AR [A) U0, ARHF T 4 Rt
T, B FREE AL A /N 4L A S AR AR 1)
FEENF . WA B, MS RiFREMZE R SR E
FZT 172 MS 1 WPM, 3t B 1% [ B /N i 41 5%
B P O R TR B RN 70 2 I TR R B O IE Y
XEWIEAE M, BERAE Y R R
MAEAEARFT B, 172 MS 8537 B AR BRI T MS
AWPM, KUK EFR TREESTERA
K, FRF B A AR A7) 3 3 11U R 2 2R AR A 1Y,

A A R AT 2 4% 2 T 5 AR AR T R
KERR K. RGN B, 6-BA 5 1AA A H H
TR o R RN A . o, TAA BN R
WEKR, REIHFEMARSREZEFAHRRE S
th, HENAAERERM, ANg5lEafmHsd
FEWA . ARFFTH, BAR 6-BA Fl TAA 75 T ik
YU 1] P PR 258 34 AR TR B B 25 KT, (BRI A TR AT
KU EZER, Hdz9 AH (MS + 1.5 mgL"

TEARICIR VRN, B EIRE 6-BA Bl &HKIK
FEIAA HEF AR T NAEZERE., X 45315
TeREA UL s b U 5 S RE A AR 7T A R
K. FEAERME, NAA &% AR S S5,
HIEVERLIAA TBROE, fe A AR AR J5 5 74k
AT, NAA KEHN 0.3 mg- L I A R 20U i
£ (93.33%) , TR RIS AR ZE T .
BEAL, IS T R R B PR T AR AR AR, BB
FEF AR R 2 T &, 1l RS R b 5 R 5k
HA P A R T P R O B 7R R ok T R,
ANIINTEE R, BAER] 0.3 mg- L' NAA RIAT 3k
FRR2E R R AE AR RR

AR IKE R YeE A IR 5 A K &
MEER R AT A, /N2 H 3 5
REBE A IKECE I 2T G s, 53 kgt
RIS EREE (5.33) , 3 4 IREARIEFF 22 5.07,
AR S KT, HF AR 1 5 2F 4L
BRZ., X—WMR5RAELE L AL R
LML R HIEF AT RS N IR R K
AR, BEEAAXRESG N, BWER- P,
T SE W 2R AR OB AL S35, S EOEE RECT
B P2, I RAE TR R R S B o B
P A R . DR, R Ak A AR B 2
B AR KR B e R B R S R i L, A
Z ARG T Y PRI M IR, DAERRE
E AR 5 T .

PR 5 R 0% LR 1 N SRR B o & AR
A OCBEIRT, B R e B PR IR S 2
K. AT, DUER D BERE =11 NER
i, R RGOS R e (95.56%) 5 AEARA KA
B —8 A SR ERE SN TN R, FUBRREE K.
HeKE S, AR TR, BRI
K4, X5 Boudreault 25 ¥ 3¢ 3 B 8 A M R
WRARAEKM S — 8wk KRR, 25K
I E RN 5 RER bR, IR R IKE . B,
WA L BERA =11 aHEA/ MO SRS R AR T
AT .

INILT S B AR R B R AR RIS, O SR
fift S A2 R A7 IR FR AL H R 45 . 1 A 45 AN
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BRI G RN 21 G R R R R R R

10 1

RO /IN 2L SR B ORAT S AL 3 SRR I 4
R, WHTAS R RN R LR NY %,
NI IE A T ) ORGP 5 AT R SR I BE5E T kA
AT FTAL LU TG bR 1 R 1R 2 1 25 B R A A
BEAT THR IR R, A ekt — DT R HoAd R
RGMER B BmE 7E, Bt — AR T B K 78
B, 3% v G FE AR AR BT 2, T S AT
[ELEI AN EE S N

4 £ B

E NI AN U AR R A RS R &
LW, FAS 5. R8T ER.
B EBRE— RIIAE. 2REWH, mEM
TIH T RENHEEM K. 2% NaClO ¥ Wi H &
12 min, &M T ARBIG G, HIEHEHGRE R
Bk 70.37%. BB RN MS + 1.5 mg L'
6-BA+0.15mg L' TAA, Hi5HZ%N 5.23. 55 3 R4k
RONEAEIGHE T 5, 5 4 IRARRIGHE 2B R %,
AR RS R K, R BAAE SE B A 7= H m] DA Rt
TR 4 MR ERIM B, 12 MS +0.3 mgL
NAA NEAE TR, RN 93.33%. Bk
R, DUER D BEREE =10 1 AR ARG R i
i (95.56%) o A FT R A/ i 21 A o 5 U
TRAT 5B BRI R A EAR TR, FE N
ZA P R B AR ET R AR A K B BRI SRR RS
B -

B 3HK:

(11 FEZEMALFE R AV ARAE . R E G R A %
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